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The future development of the polymer material synthesis and processing industry is inextricably linked with constant expansion of the feedstock base and improvement in the quality of products and in the efficiency of their production.
One of the most important processes of rubber technology is the reinforcement of elastomers with dispersed fillers, chiefly carbon black.
According to existing concepts [1] [2] [3] [4] , one of the most characteristic features of the reinforcement of elastomers with carbon black is the ability of the latter to form chain structures in the hydrocarbon medium, permeating the entire volume of the polymer. The formation of such structures is due to surface energy inhomogeneity of the dispersed carbon black units, associated with the non-uniform distribution of active centres and with the difference in the values of their adsorption potentials. The reinforcing effect of chain structures is due to the fact that they form a matrix upon which rubber molecules are oriented. The greater the development of the chain structure, the greater its orienting effect on the polymer macromolecules. It is natural that in real systems the chain structures consist largely not only of individual dispersed units but also agglomerates of these units.
The formation of reinforced carbon-rubber structures cannot take place without interaction of the filler (most likely adsorption-chemical interaction) with the polymer, and this interaction should be sufficient to reduce the configuration entropy of the polymer.
As a result of interphase interaction, the rubber, after its mixing with carbon black, i.e. before vulcanisation, is in at least four states: the elastomer matrix (the 'soft' phase), the adsorbed rubber (the 'rigid' phase), the transition layer, and the occluded phase -the rubber locked in interaggregate spaces ( Figure 1 ).
Carbon black, even when a wide grade range is available, cannot alone satisfy all the increasing requirements concerning the properties of rubber compounds of different designation. Under these conditions, dispersed carbon materials of non-petroleum origin (coal, graphites of different crystal structure, hydrocarbon carbonisation products, etc.) are acquiring increasing importance. However, their application is limited by the fact that rubber compounds containing them do not have such a combination of properties as carbon-black-filled rubber compounds [5] [6] [7] [8] . The development of new methods for producing nanodispersed carbon materials (different methods of comminution and mechanical activation of the surface, detonation synthesis, etc.) broadens the possibility of producing carbon fillers with different physicochemical and adsorption properties for elastomer composites.
In this work, the following materials were investigated:
• carbon black of different grades;
• finely ground microcrystalline graphite (GLS-3);
• hydrocarbon detonation synthesis products (UDDs -ultradispersed diamonds; DCB -diamond carbon black) [9] ;
• dispersed products of the biochemical processing of natural coals (BKhPO coal) [10];
• fullerene synthesis products (fullerene black -arcsputtered carbon, thermolysis residue -recrystallised graphite condensed from arc plasma) [11] .
The materials given comprise different structural modifications of carbon.
A comparative study of the physicochemical properties of mineral and synthetic nanodispersed carbon materials of different crystallographic structure (Table 1) showed that the nature and conditions of formation of dispersed units of the investigated materials are decisive for the formation of their structure-dispersed parameters (morphology), the chemical and energy state of their surface, and, consequently, their adsorption and reinforcing activity.
Assessment of the reinforcing activity of the investigated materials in elastomer composites of standard composition based on SKMS-30ARK methylstyrene butadiene rubber showed [12] that in their reinforcing activity the natural and synthetic ultradispersed carbon materials are inferior to the main grades of carbon black and at the same level as low-activity carbon black grades. The introduction of DCB, UDDs, fullerene black, and thermolysis residue into the rubber mix in a quantity of 50 parts is difficult because existing mixing technology does not make it possible adequately to disperse fillers with a specific surface greater than 150 m 2 /g in the elastomer matrix.
Highly dispersed materials sharply increase the viscosity of the rubber mix and give the vulcanisates increased hardness and low elasticity. From which it follows that, independently, the given materials can find only limited application in the manufacture of low-strength polymer composites of non-critical designation.
However, a different shape of the dispersed units and the existence in the given materials of specific properties (an increased content of oxygen-containing functional groups, the presence in their composition of chemically active mineral impurities) give grounds for assuming that their application in the composition of elastomer composites will make it possible to give them a number of new, technically valuable properties: an improved combination of processing properties, increased thermooxidative and fatigue strength, increased adhesion of rubber compounds to textile and metal cord, etc.
With the aim of increasing their effectiveness, dispersed materials can be subjected to the following types of treatment: heat treatment in a nitrogen atmosphere at 1173 K, activation in an apparatus with a vortex layer of ferromagnetic particles, and ultrasound treatment.
The dispersion nature of formation of particles of carbon fillers (GLS-3, BKhPO coal) results in the presence on their surface of considerable amounts of chemisorbed oxygen, which substantially determines the nature and energy of interaction of the filler with the polymer.
In the process of heating in a nitrogen atmosphere at 1173 K, the total amount of bound oxygen changes most sharply, and the total specific surface increases. This last indicates that heat treatment causes chiefly the breakdown of surface oxygen-containing functional groups and changes only slightly the inhomogeneity associated with surface layer defects. The heat treatment of graphite and coal leads to an increase in the vulcanisation rate of rubber mixes. As chemisorbed oxygen is removed from the surface of the particles, the amount of bound sulphur grows, and the stresses under specified strains increase in the vulcanisates. The tensile strength increases only when the treatment time does not exceed 60 min for graphite T/31 and 7.5 min for coal, i.e. until the degree of oxidation of the surface of the carbon materials is less than 4%.
The rapid and effective activation and modification of the surface of solid dispersed substances is possible by their treatment in an apparatus with a vortex layer of ferromagnetic particles (AVL), which is created by the action on the ferromagnetic particles of a rotating electromagnetic field [13] .
The combination of factors acting on the substance placed in the vortex layer, such as mechanical collision of particles and the consequent local zones of high temperature and pressure, sonic and ultrasonic vibrations, and also the general rotating magnetic field, lead to activation of the surface of solid substances and create conditions for the occurrence of physical, chemical, and mechanochemical processes, which under normal conditions are difficult or impossible.
The change in structure and surface properties of the carbon fillers as a result of the action of the vortex layer affects their reinforcing activity. From an examination of experimental data it follows that the introduction into a rubber mix based on SKMS-30ARKM-5 of microcrystalline graphite and BKhPO coal activated in an AVL leads to a 40-50% increase in the tensile strength of the rubber compounds and to a certain increase in the stress under 300% elongation. Maximum strengthening of rubber compounds is achieved by introducing into the mix a carbon filler treated in an AVL for 180 s ( Table 2) .
However, even after activation of this nature, natural materials (carbon and graphite) do not show high elastic strength properties of rubber compounds.
However, high-energy surface activation of the investigated materials suggests the possibility of combining them with carbon black in the synthesis of elastomer composites, which will make it possible to improve the combination of properties of the combined fillers.
The most effective method of application of several fillers is their preliminary combination with carbon black dust in a granulator-mixer by the so-called 'wet' method [14] .
In view of the small size of the particles and their high surface activity, nanosized materials are prone to agglomerate during storage, which leads to an increase in the particle size and subsequently to an unsatisfactory distribution of ultradispersed materials (UDMs) in the elastomer matrix. To prevent the agglomeration of UDMs, their aqueous dispersions can be subjected to ultrasound treatment, by which agglomerates of solid materials are broken up into individual particles.
The treatment given is carried out directly before feeding of the aqueous dispersion into the granulatormixer and can be readily incorporated into the existing process of carbon black granulation.
With subsequent combination of carbon black with the aqueous dispersion (for products of fullerene synthesis, use is made of organic solvents, e.g. toluene) of natural (synthetic) filler, the particles of the latter are distributed more homogeneously than in the case of dry mixing in the mass of the carbon black. Here, as a result of blocking of the particles of the second component by dispersed carbon black units, there is a considerable reduction in their proneness to agglomerate or condense, which makes it possible to retain the increased degree of dispersion of the natural fillers that is realised by peptisation in liquid phase. In turn, discretely distributed particles of natural fillers prevent the agglomeration of carbon black in the elastomer matrix and promote its dispersion and the formation of a more developed polymer-filler phase interface. As a result of the features given, rubber mixes and rubber compounds with binary fillers obtained in liquid phase are characterised by an improved combination of processing and mechanical properties ( Figure 2) . The combination of microdoses of ultrasound-activated UDMs with semi-reinforcing carbon black of grade P514 makes it possible to bring the effectiveness of the latter in terms of its action in elastomer composites close to that of reinforcing grades of carbon black such as P245 and P234.
A certain contribution to the formation of the structure and properties of polymer composites is made by the specific properties of the natural and synthetic materials entering the composition of the binary fillers. Thus, the flaky shape of the particles and the low friction coefficient of graphite ensure less heat generation in the rubber compounds under dynamic strains, increase their moisture and gas impermeability and electrical conductivity, and promote an increase in the effectiveness of the protective action of the chemical stabilisers [15, 16] . Owing to the presence on the surface of particles of different oxygen-containing functional groups, BKhPO coal increases the adhesion of rubber compounds to textile materials and their thermooxidative ageing resistance [17] . Highly dispersed DCB, UDDs, fullerene black, and thermolysis residue, possessing a large specific surface, promote an increase in the abrasion resistance of rubber compounds [18] .
Thus, the application in elastomer composites of activated dispersed carbon fillers of mineral and synthetic origin is most effective when they are combined beforehand with carbon black in aqueous phase, which is an effective method for targeted synthesis of elastomer composites with a specified combination of processing and mechanical properties.
